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WaLjrtov Arsenal Laboratory EC 1 4

Memorandum Aeyort No, WAL 710/96S

1 Partial Report on Problem B-7.3 A

29 January 1944

Hetallurzcal Examination of 20 M1 Helmets, Md, by the

Schlueter MnufgActurint Company, Which Cracked after Aging

ABSTRACT

Twenty Ml helmet bodies produced by the Schlueter Manufacturing

Company were examined to determine causes of cracks formed at
front brim of helmets upon aging. It is concluded that the
severely stressed condition of the helmet visor coupled with
notches caused by trimming die defects are respoasible for
the failures. Defective steel is an additional factor in
some cases and undoubtedly increases the percentage of similar
failure, Improved fabrication methods appear necessary to
fully overcome the crackiag tendency.

1. At the request of the Office, Chief of Ordnance,1 twenty (20) )X

helmets, produced by the Schlueter Manufacturing Compauy, were forwarded
to this arsenal for study. Each of the helmets contained a crack ex-
tending vertically up from the edge of the visor for a distance of from

to 2 inches, According to information communicated to this laboratory
by Capt. W. Wo Hewitt of the Office, Chief of Ordnance (SPOIS), the
Schlueter Manufacturing Comiany had started in June of 1943 the practice
of setting aside 10% of its production aW submitting the helmets to
periodic inspection to check if any cracks had developed. Very few
cracks were reported to have been found at that time. In December of
1943, a shipment of lh,O00 helmets was re-examined after being packed and
shipped from the plant of the Schlueter Manufacturing Ce-,pay, and 450

helmets, comprising 3.2% of the total, were found to contaia cracks similar

to those on thp twety helmets submitted to this arsenal.

2. Exactly similar cracking occurred in seven of twenty helmets
which were forwarded from the McCord Radiator and Manufacturing Company

1. Teletypes dated 1T, 21 January 194h, Jee Appendix A.

This 4.cwnent haoom bea opQ
i pubtic releaso a. d -4ale, A*
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to this arsenal in July of' 1943. Tae helwets hadd been carefull~y examined
in Detroit and were f-scertatined to be free of craciing, but upon receipt
at this arsenal±, crauics frou 0.3"1 to 21" in length were found extending
verticully up from the edge of tae visor of seveii of the helmet- s.2 it
was believed that uie crtacxint was Lssoiated with the aiga.uy s~ressed
cgudition of a steel tat is verf notcla sensitive. The visors are ujid
woriced to 4: severe degree in the SpULnillg QOeratio~ns the hardness in this
regionL usukiy exceeds Ruckwe.L. Q 50. ixuwinutiou of several hundred
heiluets at tais ursenal and at Uie wuxit of tne McCord R~adiator and
lialulAturiZ16 CiM.Uany aisc.LoBed thiaT, notcnees and irrejgularities at the
edge of: wne uelwet occur wli 6n rezaj 1reciueacy during the trimming operation,
ana ti&-T tne iioTciis aid irreguiaritie8 &re coniined a_.osL exc.Lusively
to tae edge of tae visor. Many erz--cics were ouserved waich uiidoubtedlyV
uribinmted iroma Lotuties at tue ria. A co)ibitiuu of: severe.Ly Oo.d -worked
reta., autliles, aad a nLotch sensitive soae.± wou.Lu be expected to result
ini frequeat faijiure tj, %craoxizi'.

3. Visual ;LIU 196taiur 6 icfA. exaiiation disciosea tne foiliwing:

a. Tne crccs oQocur in a~ ie.4zxtiveiy const.nt position in
nelmets frui ouie iot, witn une , osainf varii 6 iru lot to 3.ot.

b. lif ten At Lilt; weiL..j erz~es emanzate fruia uistinuct notenes
at the rims; of 'the visors.

c. iUetaiiogr,: phiu exa:miniatio& of eigat of tne twenty heimets
inuicatte thalt tue steel of joT, S-ib4A coatains zi defecLs, whilea that of
Lot S-± 91A vo1r.inai stre 6A~s 01f Wiu- -saved ;airbides, ;.,Ld that of Lot-S.-l9"
contLans nezworics 1,1 61'a.W VoIAAIU"Iy Oz.1-.Cien.

d. rithriae.s sarvef3 La.de i n tne vicinit6y of une cracss on ten
o.C iue ne.LmetS 3sa.,)wN 1aruuieziSeti .,f' Ruieii 5U-53 in r1ie visor.

It is conciuded ir,. :ihe toe~n tI I,.ci~i
i&ssoci~ted withi the zseveres c . wcr~iae ol Lae visor, utc±±es at, the riim

01tn .LU1 ad~t e ~up~a±ydfetiesteLi ~e, but riot in
&.l, C..SeS. Eie CWLhtuiLCY v.f tone position o.Af tae crucits on the helmets
frvia encai Lot subgesc~s a turimwiiLr aie de.ecr, %vu6i.h proutces not,-nes UL
Lae edre o~f tue visor.

4. et..i.Ls vjf We iuetu±±iurgica.L exawiriation are us fo.Llows:

a. iM -ter±.4L. an.d Test Proetdaure. Tae 3st~JnieS stiee. eddings
were remwved fcuiu tae ae.,aets, tae vtsvrs ehau~aied for qotcaes, 4nd the
position.9 of tane cre-cX5 iOCited Qy 5stltiil& a;t tuie Laiddie , the visor a
the zarQ degree ~oiiu ~a rotaug~e clocxwise.

Tae data- aLre contained in tne fo.owig tabie:

2. See Ntertown Airse~ita± LaoorLtvry -Loa.1. eporrt 1,o. iml 7i0/375
"!Aetd.iurziC,.. i-.x,-rintion j.1. Defecive Sc 3.Tisi ,c tory kHe~aots and
Iieaiet Srtee. SuiFfi~raisied vy tUe ~AcCord fudiator cand bManufaicturing
Gomp,.uy, Detroit, Jicia±~ . Decew&oer 1943, -N.des .10 ,nd 11. 7.
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Locatii,
Schlueter 6haroul of Crack Edge

6.A. Mzfg. Co. Steei Corp. Position Condition
Number Lot No. Heut No. in D~egrees atiCrzack Condition of~ Helmet -

1 S-i.U4A 788348 Notch Finished, ?&iflted

S-it)A It352

3 S-iu4A .tI t

-. b4A It347 i ti

5 S-1C64A 354

6 S--lb)4A ii35x i I

7 S -.±b4A U35Ai No NoLch I

8 S-164A 354~ Notch f

9 S-iu4A i354 fftI

10 S-lu4A U354 ~ Hi

11 S-199A 7, .965 15 NoT~Un Finisaed, unpainted

i1 5.9.n '/1-i65 ±L5 No teki kinisaed, Luiinted

*14 6 KL969A 14 tt

15 SJ.99Al 14 I tt

* .. 6 ±94;L '19 io2 Nv Blotch 'iaishad, phinted

17 S-i94A 11 .0 11 IS I

18 3-±3I9 t A

19 3--94A It1 Ntca

So -1949. 10 No Notcn Hf

0
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A photogra h of a typical visor crack e ianating from a
notch at the rim which also shows typical irregularities at the edge of the
visor, and a schematic representation of the locations of the cracks in the
helmets from the three lots are shown in Figure 1. 0

Exaent for one crack, located at 10 , all he cracks from the
10 helmets of Lot S-164A are located in a rela.tively constant position on
each helmet, from 3479 to 3540. The cracks on t1e 5 helmets from Lot S-199A
are located from 140 to l6, and those on the 5 nelmets from Lot S-192A are
locate& from 101 to 13*. The constancy of the locations of the cracks on
helmets from Qne lot suggests a trimming die defect producing a notch or
edge irregulaiity in a constant position on a cries of helmets from one lot.
The trimming Les appareatly become quickly ohiped, particularly in the
region of the visor. This is indicated by the large number of notches and
irregularities observed on hundreds of helmets.

In September of 1943, 20 helmets wer cent to this arsenal
from the McOord Radiator- and Mlaafacturing Company), 10 of which ha& craked&
after aging and 10 which were ostensibly uncrated after aging, E1aeteef of
the helmets were from the same lot. Three of the ten uncracked helmets were
found to be cracked upon receipt at this arsenal. The thirteen cracked
helmets were all cracked in the-visor, in the 333' Position, and all cracks
were associated with notches in the rim. Your of the macracked helmets alas
contained notches in the rim at 333', while the re-maining two uncraaked
helmets were free of notches at 333. M4etnllograohic examination of some
of the helmets indicated that the steel quality was satisfactory and mag-
netio tests performed. on all helmets indicated freedom from harmful decarbur-
isation. It was concluded at that time that tne craolzing was associated with
notches resulting from a trmming die defect and w:th the highly cold work*&
condition of the visors.

b. r!6ees ,ues. Rockwell 0 hardness urveys were made on
sections out from the visors of ten of the submitted helmets. In the vicinity
of the cracks, the hardnes. was in the range of Rook:,eXl 0 50-53. Numerous
hardness surveys mada in the past n!ave indidated t,:at the visor, as well as
two regions at the back of the helmet, namely at 140-ITOO and 190-240e and
approximately lj4 vertically up from the rim, possess the maximum hardneuses
encountered on the H1 helmet. The hardness of the crown is generally in the
range of Rockwell 0 35-40 and at the sides Rockwell 0 )0-45.

It is precisely in the zones that have been cold worked to the
maximum hardness trAt service and aging cracks niave been found to occur. A
statistical study of more than 200 service cracked helmets examined at this
arsenal show an exact coincidence between the zones of maximum hardness and
maximum frequency of crrAwiag. A serious condition of overstrain in specific
zones on the helmet shell is indicated by this evidence. The severe cold
vorking results from an extremely deep draw produced in one o-eration, while

3. Letter Fil 0.0. 4a/2890, Wtn. 421/364 and lat Inorsement, See
Appedix A.
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thok visor is further cold worked by the spanking oeration which produces

. the reverse beond at the front of the helmet.

" )etaOgrapLic Examination. Specimeaa for microscopic exam-
ination were cut froa nelmets, Nos. 1, 2, 3, and 7 of Lot S-164A, from Nos.
11 and 15 of Lot S-199A, and from Non. 17 aad 20 of Lot S-192A. The steel
of all Specimens from Let 3-46)4 was free from metallurgical defects, see
figure 2, the microstruoture consisting of austanite showing evidence of

cold working. The microstructure of the speoimens from Lot S-199A showed
undissolved carbides and same grain boundary network of carbides as well as
cold worke* austenite. This condition results from improper heat treatment 0
and indicates either a too low austenitizing te-erature or insuffioient
time at teiperatu to become fdll. a'astslitio. The microetruoure of the
specimens from Lot S-l92A contains grain boundoir networks of carbiOW, ale
resalting from improper neat zreatment.

5. The results of the metallurgical examination indicate that in the
case of the helmets from Lots S-199A and S-192A, the cracking is assooiatd
with an undesirable micro etructure as well as with severe cold working and
the presence of notc:,es. Hadfield jaganese steel i a obrittled when
undisolved carbides are preient 3. the microstracture, and it would be
expected that the increased. brittleness would be a fator in promoting
crack formation, both during tae forming of the helmet, and later in seroies,

The fact 1,at the helmets of Lot 5-164L are made of steel of oe 4
quality indicatee that the combination ofsevere cold working and the

presenoce of notches are alone enough to caue failure of helmets. This

condition is very serious. Gorrective measures may involve redesign of the

shape of thie helmet snell, changes in manufacturing technique, or both.

Associate Metallurgist
* APPROVEDf:

1. A. MATTHI1W TAB
Major. Ordnance Dept.. .,;'ounced f 03
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Location of crach in. visor of Raln-iot No. l14 )agifioatiol 73j
Schlueter Lot No. S-199A. Sharon Reat, No- 72965,
Note notch ott edlge of' visor at beginning of crack -ad also irrgular edge of
visor after~ trim;iinC. Stainless steal ed~dng -h,- bemn remove.

Fron~ tFront front

34 5' 34.S 00 34S50 *

Hles Helmets Helmet 5
No M.1-10No 5 - 1-15 os. 16-20

10 Helmets 5FImt emt
Lot B-164& Lot .7-195k Lot S-192A&

Locat-ions of Gracks on 20 Helmets Manvufettred. by tho
Schl~ueter MNafacturing OWapuya

S___ _ ____________ ______dd



THAT CflAKLD IN STO0iAGE

Ai'
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He].net No. 7. Schlueter Lot 1614A. Sharon
Heat 72868. Satisfactory kirostrcbtdre.
Cold worked austenite.

Heme N1.. Shu terLt19. Shro

Heat. 725. S *ek of* *jjimsolveq caride

iemtE.2. Sclu o 192A .

Hea 7270 Gri boudarn trso

cabd foi manyi h iil wfo

the coss-sction
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BdA V WAO B30

I'R014 KLU'ASi2 C Of ORD ASF 172135Z JAN 4~4

TO WA'X-LTOWN alits

R.NHONE CO0iVRATIO.'K h.EVITT TnIS OF'FICE H12hLI~h YOLR 0MG1.4 R1QU.aT

YOUR ARSFiLAL ZXrIMITF, Tz.STS ON~ ?iLIVING SMLS IN kl HLUM~ BY SHOT

BLAST OR THa Al i aS IL4AS &iIPFED 1I~S ~J. 70S. GO CACKED

AIA A&GI:;uG ADVISE BY TT IN' GAC&S W.R DUL TO F'AuLTY STE1a OR

INDUCED 8TRSSi-.S &D CITZ SPOIS HEWITT

lg0126Z T2

COPY



( LABORATORY

21 Ja2~ua'r 1944 I{~1A/

GEI1 OF' ORZtAkNC

ARMY SERYIOE YORG.,!S, 1INTAGON BUILDIiG, 8RIMiGTOX 25, D. C.

( 52015 - CAPT. W. W. H.EWITT

RZTMTT 1721.35Z JAN. 19 44i, SiQIS Hi-VITT, NTLLURGICAL iXaMINATION GOMPLETAD OH

8 07 20 SCHLUT~ HWiE4TS. FOUR FROh. LOT s.-1614A 110~iN DEETS, TWO iF.O14

LOT S-.199A OO111TAIII STREAKS OF GLOSULAR CARBIDLS, TWO M~OM LOT S-1.92A GONTAIIF

GRAIN BOUNDARY CARBIDE~S. ORAQS OCCUR AT RXLATI~ilJY CO)NSTANT POSITION ON

HILMXLS F'ROM~ EACQH LOT, LOT 5-16iiA AT 347.35e, LOT 3-199A AT 14-16, LOT s-192A.

AT 10-130, GBIRALLY CRIGIIATIJG ?RJOM~ NOTCHES AT EDE0 IO.THIS INDIOATES

CONSTANT TII hING DI.,] DE1Z0T WITH 3A0Gi LOT. VISOR IS SzVEREPLY COLD WCLK3D.

CRACX.S I.,;SULT FRO)I SJEVRX STRAINING WITH liZALLUIRGICAL DE1JWTS BEING

ADDITIONAL i'ACT IN S0VK.6 CASES. &MD. CITE LABQRATQiY Hl.RLICH

MATH12, d'AT.tRTOWN ARSENAL

I G. L.OX
LT. COL.o ORD. DliT.
ASSISTANT

*~~~ S w w



* I"DIATE ACTION Hewitt/ver
73819

.AR D,'A T, D CT

Attention 4 Sept. 1943
SPUIS

Subject. Helmet, 6Lee.L, Ml

" To. jouaanding ufficer"-;,' uttoW1 Ar suzia

**ter town, Mass.

I. Yuur arsenal is ueing lorourdeca twenty heimets from tne Detroit
Uruniance oistrict on saitppin6 urder, SAD 3396, inciosed herevith in duplicate,
These heimets are representdtive samp.Les uf .o r of .eiaets £abricuted fro'a
r1afieia vianganese steei as muiualucLaurea by 't, Suarun Steei Co., Sharon,

* Penn. T ne he.Lmets are to be iised as foliOws

.10 aeimets which have cracked afTer a t n ia
10 helmets wnicn have not cracked after aiing.

2. Considerable difficulty has been encountered at the McCord Radiator
& Afg. Co. witn Lne iadfiea aanganese steel as manulactured by the Sharon
Steel Co. It has been found thact helmets are cracking after being aged for
approximately one week. It is believed aat tais steel is crackind as a re-
suit of precipitaLed carbines. It is uesired that your arsenal make whateY#r
study is deemed necessary in an attempt to determine tne causes for these
he.Lmets to craox "fter aging. It is requested tnat this office be advised
by indorsement nereon tne results of your study.

• ... by order of tue Chief of Orciuaace:

* F. M. VOLBERU

-Aajor, Ord. Dept.

Assistant
1 nci.

SAD 339o in dupi.

lMMBDiATE ACTION

* .P
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IMADIiiTh ACTI)N

Witn 4.41/364

0.0. "1/48o
Attn: SPOIS 1st Inu. laatthews/aav

C.O., datertowf Arsen., iatertown 74, asschusetts, 4 October 1943

To: Chief of Ordnance, tashington -5, D. C. Atu: SPOIS

I. Reference basic ±etter, tie subject .e-uaets, nineteen (19)

of which were ,rocessed from steeL iot Number bOA and one (1) from

lot Number 6431) iicve been received a..d 6 iven a kreiiainar examination
wit tile following resu.LEds;

IQ Cracked fiemets

All from Lot 608A, after remova± of taie edgings it was found that

every 4e.Lmet had tne cract associated with = notch cled b; the

trimming die. Tie ,osition in every case was 3330 in a clockwise

direction from the center of tie visur.

10 "Uncrac.ed" ieme.ts

Three (3) he.amets crac&ed a 3330 position with notch as origin

of crack.
Five (5) neimets wit.u no o.acis but notenes ,.resent at tue 3330

position. Tae uejaet from Lo; ;,31; Pas iOn of these.
Two (2) helmets with nc cracks and ao notch"s at the 3330 poxitiox*'

All helmets were subjected to Tae manetic test wa judged satisfact.y
indicating that zne steel was free from excessive decarburization or
laminations.

4. It will taus ue seen 'VnaL tue cracks are definitely associated
with the notches resulting from tne ;riiming operation since in the case
of these helmets, which were j.robab.y processea on trie sae dies,
notcnes occurred on eighteen oat of tie twenty in an ideutic" location.
The aelmet body is in an extremeLy highly stressed cundition as formed.
Any stress concentration such as resuts fromi tne presence of tne notch
will foster cracxing. After six montas of" nerviae in tne field it is

prob;Lble tuat Axny vi tue "wcrucked" ne.ets wowu be in i condition
coiparabie to tiose rejected for crtcfs at winufacture.

3. On z June 1943 tnie following teetylje was sent to his office
with a cupy to the DermALt Urduance District office.

jkj SS S IDS SiGIN
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4 CuPy.

b.LDIATE AOTI JN

Wtn 4a-1/304

Attni SiOIS ~on t Id) 4 October ~4

HO1BSERV!.' iLeIPIiT V'RA048 3iGIAMiD iiTh NUTCAL~S A MjXXRD *.L A&EL~T
BvD)IES CAU6iI) BYX Ji j,.rIdjA DURIi'IU bi.ANKUiki oik~fR&TIUN. TAItS UVN4WITION
35 DEGa±ES LaT O.i kUJN'T &4v .L' DEGRES Rik;.i uF FRii.NT CvuuNA To ALL
nE;:baETS Ul 0AN AT ThIh AAC&LwaL tliD 1u;SeJNSIBLk, iLU -R iauA3T ub QRAC&IG~NG

QJN ii.TS RETU~izD Foua FIL.LD. 1NiPi~iT CRACKS UNDER B1uuAiJNL Ai
NE~W iiILM.ETS. CONDITIUN JLV&R 6,thuULD aiiV' S14~ TP.TDEUE 0 A
STAL6S CJSCZN1M~iTIUN k6$UL'riN6i SUuzd±bT' 1"DI1 .Thi CkdhG!4 ;ND 1(EUHAL

3. It is tne ojini.on ol. tne .coorawury tadtt wiese difi1cu.Ltiq0
ctre fwt of Sucw c cna:& cter u6 oe so.J.ved uy :ue dLLugc examinu-
tion. Taxe processiar, is uecideuly ut ±L.Lt, stis±i.ctury heianets of
this desibll cunot lue prod-twed cxisisi.entq wI ii tae notched- edge
condition. The gcord "-.diator and 4anluea-rorin OiuLpfy AusL be mu~ds
to reu±.Lize tiu~t tney t~re nor, forw~ine, -we liej.zaet from VJi-in-cdrbozi
deep-ar±wing Stoex~. Even in cuwnIqruiLi' deep arawn artic.,es, tha
prsneof notches t triaued edges would oe coxsidered poor practice.
It is sue'es~ed thtt ar-s-tic ste,,s be t~~en, if necessary, to inoure
freedom from irregu.uri ties L-t the edges of tdie new1et body after
trimmine;.

For itne Corwsn..nding uificer:

u.L. 0UL.
LL.. Go1) Ord. Dept.
Assistant7

1 Incl. w/ci ie
cc-SPOTL

Detrt Ord. DisT,.

COPY'
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